Abstract. Jet flow that the engine generates can cause serious damage to facilities and equipment in narrow space. In order to solve this problem, the lowest silencer unit in the silencer layer was selected as research object. The highest temperature of jet flow near silencer unit and thermo-physical parameters at that moment were taken as initial conditions to research on heat transfer. By using the MATLAB software, the heat transfer between jets flow and silencer layer was calculated, the temperature distribution inside silencer layer at different time was obtained, and the law of heat transfer was concluded, which could provide some theoretical basis for the design and upgrading of narrow space.
Introduction
When the engine is ignited in narrow space, jet flow is extremely complicated, resulting in noise as high as hundreds of decibels, which will cause serious impact on the internal facilities and equipment. In order to reduce the damage to facilities and equipment, the silencer layer is built around the narrow space. Jet flow could cause local ablation and deformation of silencer layer. Therefore, the structure design and upgrading of narrow space also need to consider the impact of jet flow. The flow field of narrow space is of high temperature, high velocity and unsteady, and the heat transfer of silencer layer is a fluid-solid coupling heat transfer problem. Studies on the influence of jet flow on the temperature of silencer layer have not been reported at home and abroad.
Heat transfer theory was used to select the lowest unit of silencer layer as the research object. The highest temperature of jet flow at silencer unit was used as constant-temperature heat in the flow field simulation to conduct heat transfer analysis. By using MATLAB software to calculate the extreme working conditions, the temperature distribution inside silencer layer at different time was obtained, so as to qualitatively research the influence of jet flow on temperature of silencer layer.
Heat Transfer Analysis of Silencer Layer

Physical Process of Silencer Layer Heat Transfer Description
When the engine ignites, the heat of jet flow is transmitted to the structure of silencer layer by forced convection, resulting in the rapid temperature rise of inner wall of silencer layer. Meanwhile, heat is continuously diffused inside structure of silencer layer through heat conduction. The temperature gradient in the normal direction of silencer layer is much larger than the temperature gradient value in the tangential direction. Therefore, the flow of heat along the tangential direction of silencer layer can be ignored, and the heat transfer problem of silencer layer in narrow space can be reduced to one-dimensional infinite plate heat transfer problem.
Silencer Layer one-dimensional Thermal Conductivity Mathematical Model
Establishing the mathematical model of heat transfer in silencer layer needs to make necessary assumptions about physic-chemical processes in heat transfer process:
(1) Silencer layer materials are common materials, and their density, conductivity and specific heat do not change with temperature;
(2) There is only heat convection between jet flow and silencer layer; (3) Silencer layer materials are isotropic. Based on the above assumptions, the heat transfer model of silencer layer in narrow space can be simplified to one-dimensional infinite plate heat transfer model for analysis and calculation. According to the heat conduction differential equation in Cartesian coordinates, one-dimensional heat conduction differential equation of silencer layer can be obtained:
Boundary conditions:
Initial conditions:
Where a is the temperature diffusivity of silencer layer material, m Because of the complicated jet flow in narrow space, the surface heat transfer coefficient between jet flow and the inner wall of silencer layer can't be accurately expressed by mathematical equation. Therefore, engineering simplified solution can be used to derive the approximate surface heat transfer coefficient of jet flow and silencer layer.
By Kolben analogy formula and Plate turbulent boundary layer resistance coefficient empirical formula: 
Where Re is Reynolds number; Pr is Prandtl number; Nu is Nusselt number; St is Stanton number; λ is the heat conductivity coefficient, W/(m • K); l is the characteristic scale, m.
Numerical Analysis of Heat Transfer in Silencer Layer
The material of silencer layer is discretized along the normal direction, that is, the solution area is divided into N equal parts and N + 1 space nodes are obtained. And the time domain is divided into M equal parts to obtain M + 1 time nodes. For a one-dimensional heat conduction differential equation, taking the diffusion term as center difference and the unsteady term as pre-orientation difference, there are discrete equations 
Case Study
According to the simulation results of flow field, the lowest layer of silencer layer is the area where heat is most seriously heated. The maximum jet flow temperature is T and the corresponding maximum velocity is V. Using MATLAB programming to calculate under these conditions, the silencer layer surface heat transfer coefficient with inner wall temperature curve (see Fig. 2 ). From the curves, it can be seen that when the engine fires, the temperature difference between jet flow and silencer layer structure is larger and the surface heat transfer coefficient is the largest. With the temperature rise of inner wall, the temperature difference becomes smaller and smaller, the surface heat transfer coefficient also decreases, and the rate of decline slowed. Based on the maximum jet flow temperature and the thermo-physical parameters at that time, the temperature field distributions of micro-plate and ultrafine glass fiber, which are the main material of silencer layer, were calculated by MATLAB programming. Table 1 and Table 2 are respectively the initial parameters of micro-plate and ultrafine glass fiber thermal analysis. Fig . 3 shows the curve of inner wall temperature of micro-plate with time. It can be seen from the figure that due to convection heat transfer with jet flow, the temperature of inner wall of micro-plate increases with time, reaching 595K at 2s. Fig. 4 is a three-dimensional map of the temperature distribution inside micro-plate at different time. Due to the large heat conductivity coefficient and the smaller thickness, the temperature difference in various sections during the thermal conductivity is smaller. It can be seen from calculation results that the temperature rise of micro-plate in 2 s is within working range of material. 5 shows the curves of various section temperature of ultrafine glass fiber with time, in which A 1 , B 1 and C 1 are respectively inner wall of ultrafine glass fiber, 2mm from inner wall and 5mm from inner wall. Fig. 6 shows the three-dimensional temperature distribution of ultrafine glass fiber at different time. It can be seen from calculation results that inner wall of ultrafine glass fiber reaches melting point (953K) in 0.2s and the section at 2mm from inner wall is 1s to reach melting point. According to the theory of ablation, the ultrafine glass fiber is ablated within 2mm from inner wall in 1s, and may be blown under the effect of jet flow. However, due to the good insulation of ultrafine glass fiber, the initial temperature of 5mm thickness is maintained and is not affected by the high temperature of jet flow.
Conclusion
Through the fluid-solid coupling heat transfer calculation of jet flow and silencer layer, the temperature distribution in micro-plate and ultrafine glass fiber at different time was obtained. Due to the simplification of calculation model and errors in calculation, there is some error between calculation results and actual situation, but it is of certain reference value to the structure design and upgrading of narrow space. At the same time, high temperature causes local ablation of ultrafine glass fiber. It is necessary to study its ablation rule to further determine whether the silencer layer could meet the operational requirements which needs to be studied in the future.
